implications for genetic counselling. Thus if the correlation between affected parent and offspring pairs with respect to age at onset or at death is indistinguishable from zero, allelic modifiers may operate (Penrose, 1948) . At the other extreme a correlation close to unity, which could arise from the direct action of several different genes (Haldane, 1941) , would greatly assist prediction since sibs at risk would succumb to the disease at comparable ages.
Previous investigations touching on interclass (parent-child) and intraclass (sib-sib) correlations in Huntington's disease have not examined the effects of sex, type of neurological sign at onset, or order of symptoms during the course of the disorder. These were some of the questions which prompted the work to be described. and Reed and Chandler (1958) have noted the bias which is caused by the omission of potential cases in favour of those of relatively early onset. The present study also shows the powerful disturbing effect of differences in ages at onset and death between generations on both types of correlation. The ultimate aim was to determine the genetic mechanism involved in their inheritance.
Material and Methods
Details of subjects affected with Huntington's disease were taken from case reports and pedigree studies collected without known bias from the literature. Members of sibships were ascertained if they formed a pair with another sib or with a parent, the age at onset or age at death being known for both persons. The 167 literature references yielded 814 sibships containing 1671 affected sibs born to 653 parents (Appendix I, p. 28). The ages at onset and at death of sibs and parents, subdivided according to sex, are reported in Tables A to D Sib-sib correlation coefficients and estimates of their standard errors were calculated from analyses of variance (Fieller and Smith, 1951/1952; Smith, 1956 Smith, /1957 .
Parent-child correlation coefficients were determined by the product-moment method and the approximation (1-r2)/Vn, where r is the coefficient of correlation and n is the number ofpairs, was used to derive their standard errors. Tests of homogeneity and the significance of differences of parent-child coefficients from 0 and 0 5 were carried out using the z transformation of Fisher (1950) .
Results
It has previously been shown that there is selection favouring early onset of symptoms and age at death in recent compared with prior sibships of a kindred affected with Huntington's disease (Wendt, Landzettel, and Unterreiner, 1959; Wendt, Solth, and Landzettel, 1960/1961; Brackenridge, 1971a for age at onset and x2 = 48-69, p < 0 001 for age at death). The variation was less pronounced for the parent-child correlations; the heterogeneity was not significant with respect to age at onset (X2 = 6 04, p > 0 1) but it was appreciable for age at death (X2= 10-89, p <0-02).
In subsequent analyses the generations were pooled. The effects of sex on parent-child correlations are shown in Table II . All the coefficients obtained were significantly positive. In the case of age at onset, the coefficient for father-child pairs significantly exceeded 0 5 (p < 0-04). The correlation (1942) recognized this possibility when she obtained a sib-sib correlation coefficient of 0-465 for the age at onset of 442 sib pairs of Huntington's disease described in the literature up to 1932. This is appreciably different from the value of 0O587 reported in Table III and each is much higher than the coefficient of 0-28 calculated by Reed and Chandler (1958) for completely ascertained cases in Michigan. The sib-sib coefficient of 0-47 for age at death found by these authors is closer to the values of 0-521, found by Bell (1942) , and 0 590 in Table III .
In an earlier study (Brackenridge, 1972 ) a tendency was noted for the correlation between ages at onset of half-sibs of a common affected father to exceed that between half-sibs of a common affected mother. In the present investigation, this became significant for full sisters and sibs, but not for brothers. The other intraclass correlation difference involving a parental sex effect was related to this latter result, the degree of resemblance between the onset ages of sisters born to affected fathers exceeding that between brothers born to affected mothers. This was also the only example of a difference between two sib-sib correlations in which the offspring were of opposite sex. The underlying cause may relate to the tendency for daughters of affected fathers to display symptoms at an earlier age than sons of affected mothers (Brackenridge, 1971a) .
With respect to affected parents and offspring, Bell (1942) recorded an onset age correlation of 0 593 from 153 pairs and a value of 0-66 from 103 pairs, both of which are rather higher than the present result of 0-531 in Table II . The value of 0-472 which Bell obtained from 152 parent-child pairs for age at death is in good agreement with the figure of 0-456 reported here. The slightly longer life of sons of affected fathers compared with paternal daughters (Brackenridge, 1971a) could be a factor in the difference between the age at death correlation of sons of affected fathers and daughters of affected fathers. However such an explanation cannot account for the father-son and father-daughter difference in correlations of age at death because there is essentially no parental influence on the survival of affected male offspring.
In addition to the sex of the affected subject and of the transmitting parent, the order of appearance of clinical symptoms and the main neurological sign (choreo-athetosis or rigidity) were found to be significant determinants of age at onset and age at death (Brackenridge, 1971b) . Because of the rarity of subjects with Huntington's disease presenting with hypokinesia and hypertonia (about 18°' of all cases) few sibships have more than one such member. The number available for correlation estimates was therefore not high in the present study. Significant coefficients were nevertheless obtained for parent-child correlations. An apparent anomaly requiring comment is that the interclass age at onset correlation is appreciably stronger for choreic than for rigid subjects whereas the age at death correlation is stronger for rigid than for choreic subjects. A probable explanation is that the date of decease is obviously much easier to specify than the age at onset of symptoms which are earlier and tend to be more insidious in the Westphal and juvenile variants than in classical cases Bruyn, 1968; Brackenridge, 1971b) . There is consequently a greater uncertainty associated with correlations of age at onset; this is confirmed by the greater standard error of intraclass correlations for rigid subjects in Table  IV . This reasoning does not necessarily apply to choreic subjects, who die at a later age (Brackenridge, 1971b) Haldane (1941) has shown that if a disease is determined by a single gene and a considerable number of independent modifiers, then the sib-sib and parent-child correlation coefficients will be about 0 5. Values nearer to one would be expected from the operation of several independent genes, each with a characteristic age at onset or age at death distribution. The 6 sib-sib and 3 parent-child coefficients exceeding 0 5 but less than unity could arise in the latter way or, with the single coefficient of less than 0 5, represent the effects of errors in assessing the age at onset, non-hereditary factors producing an earlier age at death and random fluctuations due to sampling bias.
If environmental factors such as pregnancy also influence the time of onset of symptoms, the correlations will be reduced. The present results suggest that such factors play a minor role because only 4 of the 56 coefficients were compatible with a zero correlation and even these were also indistinguishable from 0 5. It could be argued that non-genetic effects reduce a theoretical coefficient of 1 to about 0 5. A perfect correlation would be expected only if each of several genes brings on the disorder at exactly the same age (Harris and Smith, 1947/1949) . This is clearly not the case in Huntington's disease in which a wide range of onset ages is found. However it is difficult to refute the possibility that environmental modification spreads the various distinct onset ages into a tolerably normal distribution, particularly if the frequencies of the genes are similar and the onset ages they determine are well separated. Harris and Smith (1947/1949) In principle the alternatives can be distinguished by analysing the nature of the observed distribution. Burch (1968) has done this for several population samples and has concluded that discontinuities exist at similar ages in each curve. This would favour mechanism (2) which can be readily accommodated with the hypothesis of environmental modification of the action of several independent genes specifying characteristic ages at onset. However, on the basis of the present results alone, it is not possible to choose between the various mechanisms which yield a correlation of 05. Summary Parent-child and sib-sib correlation coefficients have been calculated with respect to the age at onset and the age at death of subjects with Huntington's disease. Values were strongly dependent on the number of generations between a given sibship and the time of ascertainment. Sex of subject and of the transmitting parent exercised no consistent effect on the correlations. The influence of the predominant neurological sign (choreo-athetosis or rigidity) and of the order of appearance of symptoms were also examined but no obvious pattern emerged.
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